Abstract. Focal and segmental glomerulosclerosis ature such as focal and segmental hyalinosis, focal sclerosis, focal hyalinosis or focal glomerulosclerosis, (FSGS ) is one of the most common and non-specific patterns of glomerular injury encountered in human which lead to confusion in this domain of nephrology. renal biopsies. The primary form can be considered when there is a nephrotic syndrome without other
Introduction
the visceral epithelial cell of the glomerulus. Chromophilic cytoplasm is abundant and the nucleus Focal and segmental glomerulosclerosis (FSGS ) is one is clearly seen. By electron microscopy, the podocyte of the most common and non-specific patterns of appears as a polarized cell with a small basal membrane glomerular injury encountered in human renal biopsies.
domain in front of the glomerular basement membrane Only some cases represent idiopathic FSGS, the prim-(GBM ) and a large apico-lateral domain in front of ary disease entity associated with nephrotic syndrome.
the urinary space corresponding to 90% of the cellular Diagnosing primary FSGS by biopsy is particularly surface. It contains a main cellular body which divides problematic because no universally accepted morphointo large extensions which are also divided into logical or clinical criteria for the diagnosis exist [ ent a complete contractile system containing a-actin, play a role in the degradation of peptides with high biological activity. It has been demonstrated that podoa-actinin and myosin. A chain of proteins links the actin filaments to the underlying GBM via cell mem-cytes synthesize autacoids, endothelin and growth factors [platelet-derived growth factor (PDGF ), basic brane-associated integrins, thereby firmly attaching foot processes to the underlying GBM ( Figure 2 ). fibroblast growth factor (bFGF ), vascular endothelial growth factor, heparin-binding growth factor, transPodocytes express a 3 b 1 and a v b 3 chains of integrins in front of the GBM [9, 10] . Moreover, the podocytic forming growth factor ( TGF ), fibroblast growth factor] [8, 12] . apico-lateral surface is covered by a thickened glycocalyx containing a high anionic charge. Podocalyxin is Podocytes are involved in various glomerular functions including GBM turnover, maintenance of the the largest component. The podocytic sole does not contain podocalyxin [11] .
filtration barrier, regulation of the ultrafiltration coefficient and support of the glomerular tuft. The podocyte contains numerous enzymes such as neural endopeptidase and dipeptipeptidase, which may
The GBM represents the strongest structural element of the glomerular capillary wall. Podocytes act as a the glomerular basement membrane is denuded, lesions are irreversible. second structure-stabilizing system superimposed on the mesangial cell-GBM system. They are attached to
These focal and segmental lesions may have different localizations in a given glomerulus. In adults, the most the outer aspect of the GBM by their foot processes.
The podocytes have been well studied in experi-common localization is at the vascular pole. In children, peripheral lesions are more common. In some mental models. With respect to cell proliferation, podocytes occupy a unique position among the resident cell cases, the lesions are mixed. There is no clear explanation for these different localizations and they probably types of the glomerular tuft. During ontogenesis, podocytes lose the ability to divide; thus, podocytes in the depend on ultrafiltration flow [17] . In children, endocapillary proliferation can be observed, but usually it is adult status represent terminally differentiated cells. Podocytes cannot be replaced, and the only way podo-encountered at the beginning of the disease and is transient [18] . cytes can cope with any increasing workload is by cell hypertrophy. Multinucleated cells represent an extreme form of hypertrophy [12] [13] [14] . In the human, very little . sion of podocytic lesions to be followed.
The collapsing variant is characterized by an endocaWhen exposed to increased challenge of any kind, pillary space reduced by implosive retraction, wrinkling podocytes are unable to maintain their normal differof the GBM, swollen visceral epithelial cells, abundentiated phenotype but change in appearance in a ance of protein resorption droplets and close resembfairly stereotyped manner [4] [5] [6] [7] [8] 15, 16 ] . These changes lance to HIV-associated nephropathy ( Figure 1D ). comprise cell hypertrophy, foot process effacement, This form preferentially affects black patients. They cell body attenuation, pseudocyst formation, cytohave a severe nephrotic syndrome, progressive renal plasmic overload with reabsorption droplets and, failure and eventually an increased incidence is finally, detachment from the GBM. When the GBM observed [20, 21] . is denuded, it comes into contact with the parietal In human primary FSGN, different situations may epithelium, and parietal epithelial cells will attach to favour podocyte alterations and development of the the GBM, producing a synechia and finally sclerosis.
disease [22] . Parietal epithelial cells are found along this zone resting on a hyalin material. Occlusion and collapse of a group of capillaries is observed, with inclusion of foam cells
Genetic, racial and developmental factors
and hyalin deposits. In fact, denuding the GBM is responsible for hyperfiltration, and larger proteins are trapped in the subendothelial space giving this aspect. Black race represents a risk factor for malignant forms of FSGS. Blacks have a larger glomerular volume than Podocyte alterations are reversible but, as soon as Caucasians [23, 24] . Some relationships have been Other works have studied different markers of podocytes such as proliferation markers, synaptopodin, observed between HLA haplotypes, primary FSGS and heroin-associated glomerulonephritis [25] [26] [27] . podocalaxylin, calla, C3b receptor and WT1. There are modifications of these markers when lesions are Experimental studies have shown that reduced numbers of glomeruli and larger glomerular volumes may sclerotic [36 ] .
Extracellular matrix is synthesized in FSGS. be obtained in newborn rats exposed to toxin in utero [28] . In humans, a reduced number of glomeruli and Laminin, fibronectin and the a 1 /a 2 chain of col IV are detected without heparin sulfate or the a 3 /a 4 chain of larger glomerular volumes are observed in infants born with small placentas and having low birth weights [29] . col IV [37, 38] . This observation is interesting because the affected podocytes are unable to synthesize a 3 /a 4 In the future, the hypothesis that there is a relationship between birth weight and the susceptibility to develop chains of Col IV which are normally produced by
podocytes. FSGS will be tested.
The role of macrophages Renal transplantation
In experimental models of FSGS, macrophages are For 25 years, publications regularly have presented observed in the glomeruli. In human renal diseases, recurrence of nephrotic syndrome very soon after renal macrophages are also observed, suggesting their role transplantation when the initial disease was FSGS, in this process. and sometimes after several successive transplantations Sublethal X irradiation during acute puromycin [39] [40] [41] [42] [43] . The incidence is variable according to the nephrosis reduces glomerular macrophage number and series (20-50%). The logical hypothesis is that there is FSGS lesions [30] . Moreover, macrophages produce a circulating factor which is responsible for the disease PDGF, TGFb, interleukin-1, tumour necrosis factor and is persistent after renal transplantation. It has and cytokines, which may play a role in the charge of been suggested that this factor alters glomerular perthe GBM. It thus represents a mechanism for GBM meability to macromolecules [44] [45] [46] [47] . This hypothesis hyperfiltration.
is supported by the observation that plamapheresis and plasma protein absorption onto a protein A column often decrease urinary protein excretion,
Viral factors
although only transiently, in patients with recurrence of nephrotic syndrome after kidney transplantation A role for viral factors may be proposed. Black patients [48, 49] . This factor could be produced by T lymphowith HIV-1 and nephropathy more often develop cytes. Recently, Savin et al. described a factor which FSGS [31, 32] . In fact, HIV-1 can infect renal parenchy-is a non-immunoglobulinic, low cationic molecule. This mal cells, but transcription of HIV-1 has not been factor increases glomerular permeability. It has been demonstrated in renal cells in vivo. Mice transgenic for demonstrated that podocyte injury is obtained with a non-infectious HIV provirus develop HIV-like nephro-very low concentration of this cytokine-like factor pathy [33, 34] . This nephropathy can be conferred by within minutes of introduction [50, 51] . HIV-1 regulatory proteins. It has not been demonstrated that HIV-1 has direct toxicity on epithelial cells or is responsible for release of cytokines.
FSGS does not correspond to a unique disease. It is This situation allows the proposal that HIV is not a lesion which can be defined as 'primary FSGS' but alone in being related to the development of FSGS, can be encountered in other situations. Certainly, but other viruses must be sought.
podocytes represent the target which is at the origin of the lesion. Different factors have been proposed to be responsible for the aggression of the podocyte. The 'collapsing' form ( Figure 2A and B).
